symptoms and variants of the polymorphic sites of the studied genes were assessed. Results: After adjusting for confounding factors (education, arterial hypertension, physical activity, weight, waist circumference) an association between the sexual dimension of AMS and genetic variants of 5-HTR1B G861C (p = 0.04) was observed. Conclusions: Variability of neurotransmitter receptor genes may be associated with sexual symptoms of aging in men.
Introduction
It is well known that many physiological and psychological conditions in humans are under the control of neuropeptides -serotonin (5-HT), melanocortin (MC) and dopamine (DA). Brain neurotransmitters affect our behavior and ensure intact sexual function [1] .
The central dopaminergic system regulates learning, motivation, reward, reinforcing mechanisms/addiction and sexual behavior as well [2] . DA acts through five receptors (DRD1-DRD5), which are present in nearly all areas of the brain. DRD1 and DRD5 activate adenylyl cyclase and increase cyclic adenosine monophosphate (cAMP) production. DRD2, DRD3 and DRD4 exert opposite effects and decrease cAMP production through in-hibition of adenylyl cyclase activity [3] . It has been suggested that polymorphisms of the DRD4 gene contribute to sexual desire and arousal [4] . Differences of sexual function were also noted for e.g. variants of DRD4 VNTR polymorphism [5] .
5-HT attracts much attention as it mediates emotions and mood. There are at least 14 different 5-HT receptor subtypes with autoreceptors that regulate 5-HT release and heteroreceptors that are located on dopaminergic, glutamatergic, GABAergic or cholinergic neurons which regulate the release of these neurotransmitters [6] . Depression, suicidal tendencies, impulsive behavior and aggression are associated with disturbed signaling in the brain serotoninergic system. There are several reports on associations between genetic diversity of 5-HT and sexual dysfunction [7] [8] [9] . It has been suggested for example that 5-HT 1B receptors may be involved in premature ejaculation [10] .
MC derives from tissue-specific posttranslational processing of the pre-prohormone proopiomelanocortin. This neurotransmitter exerts its actions through five receptors (MC1R-MC5R). The MC4R subtype affects sexual function and reproduction. MC agonists may influence erectile or other forms of sexual dysfunction [11] .
In the framework of the Health of Adults in Lower Silesia (HALS) study, we evaluated the hypothesis that polymorphisms of neurotransmitter receptor genes are associated with a propensity to be active. Such observations have been made for a number of genes and new information is being constantly provided [12, 13] . Apart from the level of physical activity, recruited subjects were also checked for the presence of aging symptoms. We decided to apply the Aging Males' Symptoms (AMS) scale, which is a standardized psychometric tool, used worldwide, for assessing health-related quality of life in aging men. The scale comprises three dimensions: psychological, somatovegetative and sexual. It assesses symptoms independent of those which are disease-related. Details on the reliability and validity of the scale have been discussed elsewhere [14, 15] . We wanted to determine whether polymorphisms of the genes encoding receptors for 5-HT, MC and DA are related to aging symptoms in healthy men.
Materials and Methods
Our investigation was carried out within a broader project named the HALS study. The project of the study was approved by the Bioethics Committee at the University School of Physical Education, Wrocław.
We sent invitations to 900 adult men living in Lower Silesia. The region of Lower Silesia lies in southern Poland, covers an area of 19,947 km 2 , and has a population of 2,880,000 (100% Caucasian). Men were chosen at random from the local data bank (regional statistical office). Personal identification number was used as an identifier. From the target group, 387 subjects (43%) provided written consent and were enrolled in the study. We did not encounter any subjects of origin other than European. The homogeneous origin of the investigated men allowed us to compare polymorphisms of the studied genes. We did not study the nonresponding group.
Recruited subjects underwent a standard medical interview and physical examination with anthropological measurements ( table 1 ).
Each man completed the AMS scale under supervision of the researchers. A detailed description of the AMS scale application can be found on a website (http://www.aging-males-symptomsscale.info/). We were particularly interested in the AMS sexual subscale in which ≤ 5, 6-7, 8-10 and ≥ 10 points indicate presence of respectively no (or slight), mild, moderate and severe disturbances. For the purpose of the present investigation, only subjects aged ≥ 40 were included (n = 240).
We evaluated polymorphic regions of genes encoding receptors for: 5-HT -5-HTR1B (G861C); MC -MC4R (C-2745T, Val103Ile), and DA -DRD2 and DRD4 (C313T, 48-bp VNTR). The details of the genotyping of 5-HT, MC and DA receptors have been described in our previous reports [16] [17] [18] .
Statistical Analysis
The analysis of variance (to test the hypothesis of a difference of means) and Kruskal-Wallis test (to test the hypothesis of a difference of distributions) were employed to investigate the associations between the studied genotypes and the symptoms of aging.
Relations between the symptoms of aging and the number of repeats in the polymorphic sites were assessed using the t test (to test the hypothesis of a difference of means) and the Mann-Whitney U test (to test the hypothesis of a difference of distributions). The analysis of associations between anthropological parameters and the results of the AMS scale was performed using Pearson's coefficient of correlation.
One-dimensional analysis of variance and logistic regression were used to assess educational status, anthropological parameters and chronic conditions that could have an impact on sexual symptoms in aging males. A p value <0.05 was considered significant. All calculations were done with StatSoft, Inc., Statistica for Windows, version 9.0 (data analysis software system; www.statsoft. com).
Results
The relationships between the AMS scale as a whole and the investigated polymorphisms of genes encoding receptors for 5-HT, MC and DA appeared to be statistically significant (one-dimensional ANOVA) for The relationship between the AMS sexual subscale and the polymorphic site of the 5-HT receptor 5-HTR1B G861C is presented in figure 1 . G/G homozygotes had more symptoms than C/C homozygotes and the lowest number of sexual problems was reported by heterozygotes (C/G).
A similar situation was observed for different types of the MC4R C-2745T gene ( fig. 2 ). Sexual disturbances were found more often in T/T homozygotes than in C/T or C/C variants.
We noted that the age-related sexual dysfunction reveals an association with the DRD4 48-bp VNTR polymorphism as well ( fig. 3 ). Men with seven or more repetitions in the variable region had considerably more sexual symptoms than men who had fewer repetitions in this specific site.
A set of analyses was performed to search for factors that could interfere with these results. It showed that a lower number of sexual symptoms is associated with higher education ( fig. 4 ) .
Among chronic conditions reported by our study subjects, only presence of arterial hypertension (but not systolic or diastolic blood pressure itself) was associated with the degree of sexual dysfunction ( table 2 ) .
We found a low but statistically significant correlation between the AMS sexual subscale and body weight and waist circumference ( table 3 ) .
Higher body mass and bigger waist circumference imply more sexual symptoms. This is in concordance with the observation that men who are sedentary report more disturbances in this regard ( fig. 5 ).
Finally, a logistic regression model comprising three of the studied polymorphisms ( 5-HTR1B G861C , MC4R C-2745T and DRD4 48-bp VNTR ) and the confounding factors: education, arterial hypertension, physical activity level, body mass and waist circumference showed that a lower number of sexual symptoms ( ≤ 7) can be expected in 5-HTR1B G861C G/C heterozygotes (p = 0.04) ( table 4 ).
Discussion
Information on associations between genetic polymorphisms and sexual function of males (in particular older males) is scarce. One of the first attempts to investigate this problem was a study on genetically determined CAG polymorphism of the androgen receptor gene and AMS. The authors of the report found certain correlations between CAG number and the AMS global score, the psychological and somatic subscale, but not the sexual subscale [19] . We assessed male aging symptoms in the context of genetic variants of receptors for three neuropeptides -DA, 5-HT and MC. It is well known that nuances of neurotransmission interfere with the sexual function of males [20] . DA effects on sexual behavior can probably be explained by the influence on motor functions and general arousal. Preoptic and paraventricular nucleus release of DA may have some relationship with mechanisms of ejaculation or with the neuroendocrine consequences of sexual activity, or they may be related to other autonomic processes associated with copulation [21] . It was proven that aging is associated with a decrease of DA receptors in striatal and extrastriatal regions of the brain [22] . A considerable, agerelated decline is also observed in the serotoninergic system, independently of the disease [23] .
After noting that a DRD4 agonist induces penile erection in rats, it was found that variants of the DRD4 gene may be related to phenotypes of human sexual behavior. In a study performed in 148 nonclinical university students, the single most common DRD4 5-locus haplotype was associated with desire, function and arousal scores [4] . It has also been hypothesized that sexual dysfunction in men receiving selective 5-HT reuptake inhibitors may be dependent on the variability of the DRD2 gene [7] . Furthermore, Chinese authors reported that sexual dysfunction is found more often in patients with schizophrenia who have a higher frequency of the Ins allele of the DRD2-141C Ins/Del polymorphism [24] . In our investigation there was no association between the DRD2 C313T polymorphism and the sexual scale of AMS. Nevertheless, we found that the association between this aspect of aging and the DRD4 48-bp VNTR polymorphism in exon III of chromosome 11 is close to statistical significance. This variable region of the DA D4 receptor gene usually contains 2-11 tandem repeats. If the number of alleles is ≥ 7, the binding affinity and receptor density in the corticomesolimbic regions are lower. A higher number of repeats are associated with novelty seeking and a number of conditions such as attention deficit hyperactivity disorder, alcoholism, financial risk-taking, disinhibition and impulsivity [5] . In a young population a relation between DRD4 genotype and the number of previous sexual partners was found [25] . In a recent study, young individuals genotyped as ≥ 7 were more likely to engage in promiscu- ous sex, which -under certain conditions -could lead to greater offspring diversity and increased fecundity. The authors of the study implied that in environments where monogamy and fidelity are disadvantageous, the DRD4 48-bp VNTR variant with ≥ 7 repeats would be positively selected [5] . Our study subjects with ≥ 7 repeats tended to have more sexual symptoms than ones with <7 repeats (ns). Whether it could support earlier observations on the influence of the dopaminergic reward pathway on the sexual function in these subjects is an open question. There is no doubt that 5-HT -together with DA -affects our emotions and mood. There are extensive data on associations between brain 5-HT and sexual function [26] . Generally, reduction of 5-HT function facilitates and enhancement inhibits sexual behavior in rodents [27] . Some observations suggest that both 5-HT 1B and 5-HT 1A receptors participate in inhibitory effects of the neurotransmitter on sexual behavior of mice [28] . More recent research indicates that certain pools of 5-HT 1A receptors are crucial for activating sexual behavior. The role of 5-HT 1B receptors is less well defined, although they are also involved in these mechanisms (together with 5-HT 2A/B and 5-HT 7 receptors) [27] . In human studies it has been confirmed that sexual side effects of antidepressants are mediated by 5-HT receptors. For example, men with a GG genotype of the 5-HT 2A receptor gene are more likely to have sexual dysfunction than AA homozygotes or GA heterozygotes (OR = 3.6; 95% CI 1.03, 12.6; p = 0.046) [9] . We found a clear association between 5-HT 1B receptor G861C polymorphism and sexual function of men >40. G/C heterozygotes had statistically fewer sexual symptoms than homozygotes. The role of this polymorphism was further confirmed in a logistic regression model. At this point we are unable to translate these slight differences into clinical significance.
The central MC system is of special interest as a possible target for pharmacological interventions in sexual dysfunction in both men and women. Huge expectations are placed on agents modifying MC pathways (and MC receptors) in men with erectile dysfunction. In animals, it was noted that intracerebroventricular administration of α-melanocyte-stimulating hormone (α-MSH) increases sexual motivation and stimulates sexual behaviors while application of an MC4 antagonist delays the onset of male sexual behavior [29] . More recently it was found that antagonists of MC4R (melanotan II, PT-141) induced transient erections in men with erectile dysfunction. Improvements in this aspect were also seen when an agonist of MC4R was used (LY2112688) [30] . We have not encountered any information on associations between MC4R polymorphism and sexual symptoms in aging men in the literature. However, analysis of our data revealed a considerably higher score of sexual ailments in the T/T homozygotes as compared with the other variants of the MC4R C-2745T polymorphism (not confirmed in a logistic regression model). A more prevalent sedentary lifestyle and lower level of physical activity of the T/T homozygotes [31] could explain (at least potentially) their worse health status.
It is necessary to mention several limitations of the present study. We happened to make our observations while searching for associations between neurotransmitter receptor polymorphisms and the level of physical activity. The genetic sites for the study were chosen because of their involvement in the locomotor activity of humans [32] . We keep in mind that our results could be affected by factors that were not covered by the survey (e.g. marital status or sexual orientation). Although we aimed to gather a representative, population-based sample of men, we received only a modest response from the invited subjects. More than 40% of the volunteers held a university degree and we found that longer education was associated with fewer symptoms. We underlined a higher than average level of physical activity of the enrolled men in our previous publication [18] . The major strength of this study is that the investigated men derived from a genetically homogeneous region, they were generally healthy and did not receive drugs that could interfere with the measurements. The scale to evaluate aging symptoms has often been used in our setting [33, 34] . We understand that our observations have to be confirmed in other populations with precisely defined and controlled parameters of the sexual function phenotype. At the same time there is a need for exploring mechanisms by which these specific genetic variants could result in observed phenotypes.
We conclude that sexual symptoms seem to be associated with polymorphic variants of the 5-HT receptor gene in aging men. Some indices suggest possible relations with MC and DA receptor genes as well. Further research is needed to confirm our preliminary findings.
